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centrations  in  particulates  averaged  6.9  however,  due  to  inconsistencies  in  the: 

analytical  method  no  correlation  could  be  established  between  mercury  concentration 
and  particle  size.  v\.  .  -  .  ; 
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Preface 

In  this  study,  I  have  attempted  to  answer  a  few  of  the 
many  questions  which  arise  when  considering  atmospheric  pol¬ 
lution.  It  was  my  purpose  to  establish  the  levels  of  lead 
and  mercury  contamination,  particulate  concentrations ,  and 
the  size  distribution  of  particulates,  others  more  qualified 
in  the  medical  field  must  take  this  information  and  judge  the 
affect  on  the  human  body. 

I  would  like  to  express  my  thanks  tr.  Captain  Thomas 
Eastler,  my  thesis  advisor,  for  his  constant  support  and 
encouragement  during  this  study.  Also  special  thanks  go  to 
Professor  T.  L.  Regulinski  for  his  patient  instruction  and 
advice  concerning  stochastic  processes,  and  the  use  of  his 
computer  program  for  analysis  of  particulate  concentrations. 
The  remainder  of  my  faculty  committee.  Major  Stewart  Johnson 
and  Dr.  Ernest  Dorko,  have  been  very  helpful  in  giving  tech¬ 
nical  advice  and  suggestions  in  preparing  this  report. 

This  project  was  funded  by  the  Civil  Engineering  Divi¬ 
sion,  Air  Force  Weapons  Laboratory,  Kirtland  Air  Force  Base, 
New  Mexico.  Not  only  was  the  financial  support  appreciated, 
but  suggestions  from  Captain  Dennis  Naugle,  project  monitor, 
proved  quite  valuable  in  the  course  of  the  study.  Dr.  Charles 
Ritter,  University  of  Dayton,  gave  extensive  assistance  in 
establishing  techniques  for  mercury  analysis,  Mr.  Millard 
Wolfe  and  the  men  of  AFIT  Shops  constructed  the  sampling 
shelter  and  the  adapter  to  mount  the  sampler  head  on  the 
sampler* 
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Abstract 

Particulate  concentration,  particle  size  distribution, 
and  mercury  and  lead  concentrations  in  atmospheric  particu¬ 
lates  on  Wright- ?atterson  Air  Force  Base  (WPAFB),  Ohio,  were 
determined.  Samples  were  taken  from  three  locations  on  WPAFB 
using  an  Anderson  hi-volurne  sampling  head  mounted  on  a  Staplex 
hi-volume  sampler.  Particulates  were  fractionated  by  the 
sampler  head  into  five  size  groups  as  follows i  greater  than 
7.0,  3.3  to  7.0,  2.0  to  3.3,  1,1  to  2.0,  and  less  than  1.1 
microns  in  equivalent  aerodynamic  diameter. 

The  distribution  of  the  particulate  concentrations  was 
analyzed  using  the  Reverse  Arrangements  test  to  establish 
randomness,  the  Kolmogorov- Smirnov  test  to  compare  ten  pro¬ 
posed  probability  density  functions  with  the  data  collected, 
and  the  Likelihood  Ratio  test  to  isolate  the  function  best 
describing  the  data.  The  Lognormal  density  function  vms 

found  to  best  describe  the  data.  The  mean  particulate  con- 

3 

centration  was  85.1  ug/m  ,  with  a  variance  of  1048.2. 

Particulates  under  1.1  microns  composed  an  average  of 
31.3  per  cent  of  the  total  weight,  those  from  1.1  to  7.0 
microns  made  up  31.9  per  cent,  and  those  over  7,0  microns 
composed  36.8  per  cant  of  the  sample. 

The  average  lead  concentration  during  a  24-hour  sampling 

3 

period  was  1.25  ug/m  ;  50.9  per  cent  of  the  lead  was  found  in 
particulates  under  1,1  microns.  Mercury  concentrations  in 
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par-a.culates  averaged  6*9  ng/mJ»  however }  due  to  inconsisten¬ 
cies  in  the  analytical  method  no  correlation  could  be  estab¬ 
lished  between  mercury  concentration  and  particle  size* 
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SIZE  DISTRIBUTION,  MERCURY/LEAD 
CONCENTRATIONS,  AND  STOCHASTIC  ANALYSIS 
OF  SUSPENDED  PARTICULATES  IN  AMBIENT  AIR 


I.  Introduction 

The  importance  of  preserving  the  quality  of  our  atmos¬ 
phere  has  been  highly  publicized  in  reoert  years,  and  the 
study  of  "air  pollution*1  has  increased  vastly  during  that 
period.  In  considering  the  term  *'air  pollution"  one  must 
assume  that  there  exists  a  normal  or  "natural"  background 
level  of  contaminants  in  the  atmosphere 5  and  that  levels  of 
contaminants  greater  than  this  background  level  have  been 
introduced  into  the  atmosphere  by  man,  thus  producing  a  pol¬ 
luted  condition. 

The  Air  Force  has  had  a  program  underway  to  reduce  air 
pollutant  emissions  from  fixed  facilities  since  Fiscal  Year 
1968.  The  primary  emphasis  of  this  program  is  converting 
'  heating  plants  from  coal  to  natural  gas  or  coal  to  oil  with 
natural  gas  backup, (Ref.  8).  In  view  of  the  current  emphasis 
placed  on  defining  and  solving  environmental  problems,  this 
thesis  was  chosen  to  study  certain  aspects  of  air  pollution 
at  Wright-Patterson  AFB  (WPAFB) ,  Ohio. 

The  purpose  of  this  study  is  threefold!  (1)  determina« 
tion  of  the  si2e  distribution  of  suspended  particulates  in 
ambient  airt  particles  will  be  classified  into  one  of  five 
particle,  size  groups,  (2)  determination  of  mercury  and  lead 
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concentrations  in  each  of  the  five  particle  size  groups,  and 
(3)  isolation  of  the  probability  density  function  which  best 
describes  the  aa.:a  collected  on  suspended  particulate  concen¬ 
trations  in  ambient  air. 

Particle  Size  Dig  tribution 

Because  of  the  nature  of  f  e  human  respiratory  system,  a 
particle  of  given  aerodynamic  'diameter  can  penetrate  the  sys¬ 
tem  to  a  certain  point  before  it  is  removed  from  the  air- 
stream  (Fig.  3).  Particles  greater  than  7  microns  will  likely 
be  trapped  in  the  nasal  passages,  particles  from  3.3  to  7 
microns  can  reach  the  trachea  and  primary  bronchi,  2>0  to  3.3 
micron  particles  reach  the  secondary  bronchi,  those  from  1.1 
to  2.0  microns  penetrate  to  che  terminal  bronchi,  and  the 
particles  less  than  1.1  microns  reach  the  alveoli  of  the 
lungs  (Ref.  2).  Thus  the  particles  of  smaller  aerodynamic 
diameter  present  more  danger  to  the  human  body  than  the 
larger  particles.  In  this  portion  of  the  thesis  the  distribu¬ 
tion  of  the  suspended  particulates  in  the  previously  mentioned 
fractionations  is  determined. 

Trace  Element  Determination 

Mercury.  Coal  is  the  present  energy  source  for  the 
heating  plants  on  WpAFB.  A  study  conducted  by  the  Geological 
Survey  of  Illinois  showed  a  mean  mercury  concentration  in  ten 

.Q 

Illinois  coal  seams  to  be  180  x  10  g/g  (Ref.  22).  Another 
study  which  included  coal  samples  from  several  raidwestern  and 
eastern  states  indicated  a  mean  value  of  3300  x  10  g/g  of 
mercury  in  the  samples  analyzed.  Using  a  conservative  figure 
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tor  their  study  of  1000  x  10*^  g/g,  an  estimated  3000  tons  of 
mercury  per  year  are  released  into  the  earth’s  environment  as 
coal  is  burned  (Ref.  10). 

Because  of  chis  evidence  of  mercury  content  in  coal,  the 
first  element  chosen  for  study  was  mercury .  Because  the 
toxicity  is  dependent  on  the  amount  of  the  element  entering 
the  various  stages  of  the  respiratory  system,  the  mercury 
concentration  of  particles  in  the  previously  mentioned  five 
size  groups  is  considered. 

Lead. ~  An  estimated  180,000  tons  of  lead  per  year  are 
emitted  into  the  air  of  the  United  States  from  the  tailpipes 
of  automobiles,  trucks,  and  buses  (Ref.  4).  A  report  pre¬ 
pared  for  the  Environmental  Protection  Agency  (EPA)  by  a 
committee  of  the  National  Research  Council  found  that  ’'the 
level  of  load  in  ambient  air  poses  a  significant  threat  in 
infants  and  small  children.”  The  report  goes  on  to  state 
that  "the  air  over  the  largest  American  cities  has  a  concen¬ 
tration  of  lead  20  times  greater  than  the  air  over  sparsely 
populated  areas  of  the  country  and  2000  times  greater  than 
the  air  over  the  mid-pacific  Ocean”  (Ref.  4).  These  state¬ 
ments  and  figures  point  out  the  importance  of  determining  the 
lead  concentrations  on  Air  Force  bases,  especially  those  with 
large  amounts  of  proximal  vehicular  traffic  such  as  WPAFB. 
Thus,  the  second  element  chosen  for  this  study  was  lead. 

Like  mercury,  the  lead  concentrations  of  particles  in  five 
size  groups  is  considered. 
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Stochastic  Analysis 

In  the  continuing  quest  to  predict  and  manage  future  air 
pollution  situations,  many  attempts  have  been  made  to  con* 
struct  mathematical  models  of  environments  where  air  pollu¬ 
tion  is  or  may  become  a  problem.  These  models  are  of  two 
types*  (1)  deterministic  models,  and  (2)  stochastic  models. 

Deterministic  models  are  constructed  by  determining 
mathematical  relationships  between  the  mtny  variables  in  an 
air  pollution  system.  Although  some  deterministic  models 
have  proven  to  be  effective,  they  require  huge  amounts  of 
data,  and  many  have  not  proven  to  be  reliable  (Ref.  23). 

Stochastic  models  have  ranged  in  complexity  from  these 

using  historical  trends  of  monthly  dustfall  to  sophisticated 

nonlinear  prediction  techniques  (Ref.  23).  Stochastic  models 

# 

are  based  on  the  random  variation  of  phenomena  generated  by  a 
complex  system  of  sources  and  atmosphere  continually  solving 
its  own  problem  of  action  and  interaction. 

A  stochastic  model  has  been  developed  in  this  thesis  for 
the  suspended  particulate  concentration  at  WPAFB  by  isolating 
the  probability  density  function  which  best  describes  the 
data  collected  at  three  sampling  locations  on  the  base. 
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II.  Equipment  and  Procedures 

Equipment 

Several  Items  of  specialized  equipment  were  used  in  the 
course  of  this  study.  This  equipment  will  be  discussed 
briefly  in  this  chapter,  and  described  in  detail  in  Appendix 

B. 

An  Anderson  hi-volume  sampler  head  manufactured  by  2000 
Inc.  was  used  to  fractionate  the  particulates  aerodynamic&lly 
into  four  size  groups,  greater  than  7.0,  3.3  to  7,0,  2.0  to 
3.3,  1.1  to  2.0  microns,  and  particles  under  l.l  microns  in 

i 

diameter  were  collected  on  a  backup  filter.  The  sampler  head 

was  mounted  on  a  Staplex  hi-volume  sampler.  Since  the  sam- 

* 

pier  head  was  designed  to  operate  at  0.566  cubic  meters  per 
minute  (20  cubic  feet  per  minute),  the  sampler  was  electric¬ 
ally  connected  through  a  variable  voltage  transformer  which 
was  adjusted  to  provide  the  specified  flow  rate.  The  sampling 
unit  was  mounted  in  a  locally  manufactured  shelter  (Fig.  12). 

A  Perkin-Elmer  Model  403  atomic  absorption  spectrophotom¬ 
eter  was  used  to  perform  the  lead  and  mercury  analysis.  A 
Model  403  burner  control  was  used  for  flame  absorption  in  the 
lead  analysis,  and  a  flameless  technique  was  used  to  analyze 
for  mercury. 

A  CDC  6600  computer  was  used  to  compute  and  plot  least- 
squares  curve  fits  of  all  calibration  curves  in  the  atomic 
absorption  work,  and  to  conduct  the  stochastic  analysis  of 
particulate  concentrations. 
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Procedures 

The  following  procedures  were  used  in  the  collection  of 
particulate  samples  and  in  their  subsequent  analysis.  An 
attempt  was  made  to  conform  to  existing  procedures  established 
by  the  American  Society  for  Testing  and  Materials  (ASTM)  in 
Ref.  3,  and  the  EPA  in  Ref.  18  cn  hi -volume  air  sampling#  and 
procedures  contained  in  Analytical  Methods  for  Atomic  Absorp¬ 
tion  Spectrophotometry  (Ref.  1)  were  followed  where  applicable 


in  atomic  absorption  work. 
Selection  of  Sampling 


Sites.  The  three  locations  on 


WPAFB  used  in  sample  collection  are  shown  in  Fig.  1.  Each 
site  was  chosen  because  it  represented  a  different  environ¬ 
ment  than  the  others#  and  combined,  they  formed  a  represen¬ 
tative  cross-section  of  the  base.  No  attempt  will  be  made  to 
analyze  the  data  from  the  sites  on  an  individual  basis) 
rather  the  combined  data  will  be  considered  to  represent  the 
base  as  a  whole. 

Site  I  was  chosen  in  a  seemingly  remote  area  of  the 
base.  During  the  summer  months  the  area  is  used  for  recrea¬ 
tion#  but  during  the  winter  there  is  very  little  activity  in 
the  area.  The  site  was,  however#  in  the  "no-build  zone"  near 
the  southwest  end  of  runway  05-23  at  Patterson  Field.  In 
addition  to  being  directly  below  the  most  active  departure 
flight  path  at  Patterson  Field,  the  site  was  located  approxi¬ 
mately  800  meters  downwind  from  one  of  the  base’s  coal-fired 
heating  plants. 

Site  II  was  selected  because  of  its  proximity  to  a  coal- 
fired  heating  plant.  The  area  showed  evidence  of  heavy 
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Sampling  Site  Locations 


•Mono", 
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dustfall  from  the  stacks,  and  was  chosen  mainly  to  gain  infor¬ 
mation  on  mercury  levels  near  the  plant.  The  site  was  also 
within  two  blocks  of  the  Base  Exchange  and  Commissary  complex. 

Site  HI  was  near  Gate  9-A.  This  location  experienced 
heavy  automotive  traffic  since  it  served  the  Base  Hospital, 
Officers*  housing  area  on  Patterson  Field,  the  BOQ/VOQ  com-  • 
pi ex,  and  the  Officers'  Club.  Although  this  entrance  did  not 
experience  the  peak  flow  in  the  early  morning  and  late  after¬ 
noon  that  some  other  gates  did,  it  was  open  24  hours  each  day, 
7  days  per  week.  This  site  was  also  of  interest  because  of 
its  proximity  to  the  Hospital. 

Sample  Collection.  The  first  step  in  the  collection  of 
samples  was  to  dry  the  clean  collection  papers  and  backup 

filter  for  a  period  of  24  hours  in  a  desiccator.  The  papers 

* 

and  filter  were  then  removed  from  the  desiccator  and  immedi¬ 
ately  weighed  to  the  nearest  0.0001  gram.  The  collection 
papers  were  next  installed  in  the  sampler  bead  (Fig.  6)  as  it 
was  assembled,  after  which  the  head  and  backup  filter  were 
transported  to  the  sampling  location.  The  backup  filter  was 
secured  in  place  on  the  Staplex  sampler  by  the  adapter  plate, 
and  the  sampler  head  was  then  mounted  on  the  adapter  (Fig.  10). 

The  sampler  was  then  started,  arid  the  flow  rate  adjusted 
using  the  manometer  to  check  the  equivalent  pressure  drop  in 
the  head  for  a  flow  rate  of  0.566  cubic  meters  per  minute 
(cmm).  The  variable  voltage  transformer  was  adjusted  to 
change  the  flow  rate  as  necessary.  Several  bulk  samples  were 
also  taken  using  only  the  backup  filter  to  collect  the  par¬ 
ticulates.  In  this  case  the  filter  *  is  mounted  as  before, 
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but  the  sampler  head  was  not  used.  The  flow  rate  was  meas¬ 
ured  using  the  flowmeter  mounted  on  the  base  of  the  Staplex 
sampler,  and  was  adjusted  to  0.708  cmm  at  the  start  of  the 
sampling  period  using  the  variable  voltage  transformer.  The 
flowmeter  was  calibrated  by  comparing  its  measurements  with 
flow  rates  determined  by  use  of  a  manometer  measuring  pres¬ 
sure  drops  within  the  calibrated  sampler  head.  The  sampler 
was  then  operated  for  24  hours  to  obtain  the  sample. 

At  the  end  of  the  24 -hour  period  the  flow  rate  was 
checked  and  noted,  and  the  sampler  was  turned  off.  Because 
of  the  head  design,  a  constant  flow  rate  was  maintained 
throughout  the  period  of  its  use*  a  maximum  of  0.057  cmm  drop 
was  noted  in  the  bulk  samples.  When  the  flow  rate  varied 
during  the  sampling  period,  the  beginning  and  ending  flow 
rates  were  averaged  and  multiplied  by  the  sample  time  to 
determine  the  volume  of  air  sampled.  The  sampler  head  and 
the  backup  filter  were  then  removed  and  taken  to  the  labora¬ 
tory.  There  the  collection  paper  was  removed -from  the  head 
and  placed,  along  with  the  backup  filter,  in  the  desiccator 
to  dry  for  24  hours. 

Following  the. 24-hour  drying  period  the  paper  was  weighed, 
again  to  the  nearest  0.0001  gram.  The  difference  in  the  ini¬ 
tial  and  final  weighings  was  die  weight  of  the  particulates  col¬ 
lected  on  that  paper  or  filter.  The  papers  and  filter  of  each 
24-hour  sample  were  then  placed  in  a  clean  24.1  by  30,5-cm 
envelope  and  stored  until  chemical  analysis  was  performed. 

Sample  Preparation.  In  conducting  the  mercury  and  lead 
analysis  it  was  assumed  that  the  particulates  were  evenly 
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distributed  on  the  collection  papers  and  filters.  All  glass¬ 
ware  was  rinsed  with  a  dilute  nitric  acid  solution  and 
dlstilled-deionized  water  before  use  to  remove  any  mercury  or 
lead  contamination. 

One-fourth  of  the  collection  paper  and  backup  filter  were 

used  for  mercury  analysis ,  and  one-fourth  for  lead  analysis. 

The  quarters  were  cut  with  a  razor  blade  into  small  pieces, 

% 

approximately  1  by  1-cm.  These  pieces  were  then  placed  in  a 
clean  100  ml  beaker.  The  particulates  were  extracted  by  add¬ 
ing  30  ml  of  50%  nitric  acid  to  each  beaker  and  allowing  the 
collection  papers  and  filters  to  digest  for  24  hours.  The 
solid  material  was  then  removed  from  the  solution  by  filter¬ 
ing  through  a  Euchner  funnel.  The  extraction  and  filtering 
teehniques  were  checked  by  spiking  a  collection  paper  with  a 
known  amount  of  lead  and  using  these  techniques  to  prepare 
the  sample  for  analysis.  Results  of  the  analysis  showed  that 
ell  the  lead  had  been  placed  into  solution  and  was  separated 
from  the  solid  material  by  filtering.  Similar  tests  were  per¬ 
formed  on  clean  collection  paper  and  filters  to  determine  the 
amount  of  mercury  and  lead  present  in  the  paper.  Negligible 
amounts  of  mercury  and  no  lead  were  found. 

Atomic  Absorption  Technique. 

Mercury  Analysis.  The  mercury  concentrations  in 
the  100  ml  sample  were  anticipated  to  be  on  the  order  of  10 
parts  per  billion  (ppb)  and  below.  To  measure  these  extremely 
low  concentrations,  a  flameless  technique  was  used  which 
detected  concentrations  as  low  as  1  ppb. 

To  conduct  atomic  absorption  analysis  standard  solutions 
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of  the  element  under  investigation  must  be  prepared.  Her-  '  . 
curie  chloride  reagent  was  dried  in  an  oven  at  100°  C  for  24 
hours,  and  then  allowed  to  cool  under  desiccation.  1.3535 
grams  of  the  reagent  were  dissolved  in  50  ml  of  concentrated 
nitric  acid,  and  then  diluted  with  distilled-deionized  water 
to  provide  a  one  part-per-million  (ppm)  solution  which  is 
stable  for  approximately  one  month.  Aliquots  of  this  one  ppm 
solution  were  then  diluted  to  provide  the  standards  used  to 
establish  the  calibration  curves. 

A  reducant  solution  was  prepared  which  served  to  reduce 
the  mercury  to  its  elemental  state.  The  reductant  consisted 
of  5  grams  sodium  chloride,  10  grams  * hydroxalamine  hydro¬ 
chloride,  and  20  grams  stannous  chloride.  These  reagents 
were  added  to  a  solution  of  100  ml  concentrated  sulfuric  acid 
and  500  ml  of  distilled-deionized  water.  The  mixture  was 
then  diluted  to  1000  ml ,  a  magnetic  stirring 'rod  added,  and 
placed  on  a  magnetic  stirrer  to-  mix  for  one  hour.  The  mixture 
was  finally  filtered  b  jo  containers  and  stored  for  future 
use,  .  L ■“  .  . 

After  the  samples  had  been  filtered  to  remove  the  solids , 
the  solution  was  diluted  to  100  ml.  All  standards  used  in 
the  calibration  were  100  ml  of  known  concentrations .  The 
samples  and  standards  were  placed  in  250  ml  erlenmeyer  flasks. 
Standards  included  a  blank  (distilled-deionized  water) ,  2.5, 
5*0,  10.0,  and  15.0  ppb.  The  erlenmeyer  flasks  were  then 
placed  in  an  ice  bath  to  inhibit  mercury  vaporization  and  10 
ml  of  concentrated  sulfuric  acid,  5  mi  of  concentrated  nitric 
acid,  and  5  ml  ■-  5%  w/v  potassium  permanganate  solution  were 
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added.  The  flasks  were  then  removed  from  the  ice  b3th  and 
allowed  to  stand  at  room  temperature  for  10-15  minutes. 

The  samples  and  standards  were  than  ready  for  analysis. 
The  first  set  of  standards  was  analyzed,  followed  by  analysis 
of  the  samples  after  which  a  second  set  of  reference  stand¬ 
ards  was  analyzed.  To  analyze  a  standard  or  sample  a  stir¬ 
ring  bar  is  placed  in  the  flask,  and  the  flask  placed  on  a 
Magnetic  stirrer  as  shown  in  Fig.  2.  A  stopper  is  then  placed 
on  the  flask  with  inlet  and  outlet  air  lines  and  a  hypodermic 
needle  inserted.  Fifty  ml  of  reductant  is  added  through  the 
hypodermic  needle  using  a  syringe.  A  constant  air  flow  of 
0.0566  cubic  meters  per  hour  flows  through  the  line  to  carry 
the  volatilized  mercury  out.  of  the  flask,  through  a  magnesium 
perchlorate  filter  which  removes  any  water  vapor,  and  into 
the  absorption  cell.  The  atomic  absorption  spectrophotometer 
then  determines  the  per  cent  absorption  by  comparing  the 
intensity  of  a  light  beam  emitted  at  the  characteristic  wave¬ 
length  of  mercury  which  bypasses  the  absorption  cell  with  a 
beam  at  the  same  wavelength  which  passes  through  the  cell* 

The  percentage  of  absorption  is  then  converted  to  absorbance 
units  and  displayed  on  the  digital  readout.  Because  of  the 
standardized  conditions,  the  peak  absorbance  reading  was  used 
to  determine  the  corresponding  sample  concentrations. 

The  data  obtained  from  the  standards  was  used  as  input 
to  a  computer  program,  and  a  least-squares  curve  fit  was 
determined.  Previous  studies  have  indicated  a  linear  rela¬ 
tionship  between  absorbance  and  concentration  in  the  range 
under  consideration  (Ref.  21).  Using  this  curve,  the  computer 
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converted  the  absorbance  readings  obtained  for  the  samples  to 
sanple  concentrations,  irom  which  the  ambient  air  concentra^ 
tion  was  calculated  using  Eq  (l), 

ambient  air  concentration  = 

(sample  concentration)  (Volume  of  the  sample) 

(volume  of  air  sampiedjT'” 

Lead  Analysis,  Lead  -concentrations  were  expected 
to  be  high  enough  to  use  the  standard  flame  absorption  tech¬ 
nique  in  the  analysis.  The  standard  lead  solution  was  pre¬ 
pared  Ly  diluting  1.5935  grams  of  lead  nitrate  in  a  2 7»  nitric 
acid  solution  to  1000  ml.  This  solution  contained  one  ppt 
lead.  Aliquots  were  taken  and  diluted  to  100  ml  to  obtain 
standards  of  0.5,  1.0,  2,5,  5.0,  7.5,  10.0,  and  15.0  ppm. 

After  the  samples  were  filtered  to  remove  the  solids,  the 
solution  was  diluted  to  50  ml.  The  samples  and  standards 
were  then  ready  for  analysis. 

An  air«acetylene  flame  was  used  to  reduce  the  lead  in 
the  solution  to  its  elemental  state  while  in  the  absorption 
path.  The  air  and  acetylene  flow  rate  and  pressure  were 
adjusted  to  maximize  the  absorbance  using  procedures  from 
Ref.  1.  The  burner  was  adjusted  in  much  the  same  manner. 

The  aspiration  rate  was  then  adjusted,  again  to  maximize  the 
absorbance  of  a  known  standard, 

A  set  or  standards  was  analyzed  to  determine  the  cali¬ 
bration  curve  for  lead,  and  the  absorbance  of  the  samples  was 
the  .  determined  by  a ^pirating  the  solution  into  the  flame. 

As  in  the  mercury  analysis  the  data  were  fed  into  the  computer 
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where  the  least* squares  curve  fit  of  the  calibration  curve 
wag  determined  *  and  the  sample  concentration  and  ambient  air 
concentration  were  calculated.  The  ambient  air  concentration 
was  again  calculated  using  Eq  (1), 
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III .  Stochastic  Analysis 


The  development  of  air  pollution  modeling  is  a  rela¬ 
tively  new  fiela  of  study,  and  it  is  critically  important  if 
we  are  to  predict  and  control  the  amount  of  air  pollution  in 
the  future*  The  approach  taken  in  this  study  is  similar  to 
that  used  in  reliability  and  maintainability  studies  (Refs. 

19  and  20).  If  data  collected  is  shown  to  be  random,  the  use 
of  a  stochastic  model  is  indicated,  and  deterministic  models 
are  inapplicable.  A  stochastic  model  is  valid  only  if  the 
randomness  of  the  data  can  be  shown.  The  assumption  that  the 
data  on  particulate  concentrations  would  be  random  and  would 
therefore  be  modeled  stochastically  was  made  at  the  beginning 
of  this  study,  and  was  confirmed  when  data  collection  was  com¬ 
plete.  When  randomness  was  established,  a  mathematical  func¬ 
tion  was  sought  which  adequately  described  the  probability 
distribu.  on  of  the  particulate  concentration  random  variable. 
Since  tho  data  on  particulate  concentration  is  in  the  contin¬ 
uous  realm,  the  probability  density  function  (pdf)  is  the 
function  desired.  When  the  governing  pdf  was  isolated,  the 
characteristics  of  the  particulate  concentration,  such  as 
expectation  and  variance  were  determined,  and  the  model  could 
then  be  used  to  predict  the  behavior  of  particulate  concen¬ 
trations  . 

To  accomplish  the  analysis  described  above  a  computer 
program  written  by  Prof.  T.  L.  Rcgul inski  of  the  Electrical 
Engineering  Faculty  (AFIT)  was  used.  A  flow  uiagram  of  the 
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program  is  Included  in  Appendix  C. 

The  hypothesis  of  randomness  was  tested  by  using  the 
Reverse  Arrangements  Test  (Ref.  5).  This  test  considers  the 
sequence  of  data  (x^)  i.n  the  order  collected.  The  number  of 
times  that  x^>x^  for  i<j  is  then  counted.  Each  such  inequal¬ 
ity  is  called  a  reverse  arrangement.  The  total  number  of 
reverse  arrangements  for  i  «  1,2,3,....,  N  is  denoted  as  A. 

In  the  sequence  of  N  observations  (N>20)  the  number  of  reverse 
arrangements,  A(lc),  is  also  a  random  variable.  It  is  normally 
distributed  with  a  mean 


uA  «  N(N-l)/4 


(2) 


and  variance 


a2  =  N(2N+SJI  (N-l)/72 


(3) 


Acceptance  of  the  hypothesis  of  randomness  is  given  by  the 
region 


o  <_  A 

4m 


< 


(4) 


where  the  values  of  the  different  significance  levels  can  be 
computed  from  Eqs  (2)  and  (3)  using  normal  probability  dis¬ 
tribution  tables. 

When  randomness  was  established  by  the  reverse  arrange¬ 
ments  test,  the  probability  density  function  which  described 
the  data  is  sought.  The  Kolmogorov-Smirnov  (K-S)  goodness  of 
fit  test  (Ref,  14)  was  used  to  compare  the  cumulative  dis¬ 
tribution  of  the  data  collected  to  ten  theoretical  distribu¬ 
tion  functions.  The  density  functions  used  in  the  test  were 
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the  Smallest  Extreme  Value,  Largest  Extreme  Value,  Uniform, 
Exponential,  Log  Normal  (Natural  Log),  Normal,  Gamma  (Three 
Parameter),  Weibull  (Three  Parameter),  Beta,  and  Beta  .  The 
Beta  and  Beta,f  are  identical  except  in  the  method  of  estimat¬ 
ing  the  parameters.  The  mathematical  expressions  for  each  of 
the  functions  are  included  in  Appendix  D,  and  a  description 
of  the  parameter  likelihood  estimates  is  summarized  in  Ref. 

19. 

The  K-S  tesc  compares  the  cumulative  frequency  distribu¬ 
tion  function,  F c(x)»  of  the  theoretical  density  function  to 
the  observed  cumulative  step-function  of  the  sample,  Sn(x). 

The  test  was  set  up  by  determining  the  maximum  difference 

D  o  max  |Fq(x)  -  Sn(x) (  (S) 

over  all  n  data  points.  The  theoretical  distribution  passes 
the  K-S  test  at  the  0.20  level  of  significance  if  D<d where 
d  is  the  critical  value  of  the  K-S  statistic  and  can  be  found 
in  tables  of  Ref.  14. 

The  K-S  test  will  either  accept  or  reject  the  hypothesis 
that  a  given  theoretical  density  function  describes  the  data 
at  a  stated  level  of  significance.  If  more  than  one  of  the 
proposed  density  functions  were  accepted,  the  Likelihood  Ratio 
test  (Refs.  20  and  24)  was  used  to  isolate  the  function  which 
best  described  the  data.  The  test  is  defined  by 

L(X)  «  f.CXjlU/t  (X|H  )  (6) 

1  loo 
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where 


VX|V 3 ih  fj(xi|lV 


The  null  hypothesis 


H  :  Distribution  is  F  (x) 
o  o 


was  tested  against 


K  :  Distribution  is  Fj(x)  (9) 

The  threshold  of  the  test  was  taken  to  be  unity  for  this  test 
based  on  rational  given  in  Ref.  20.  All  distribution  func¬ 
tions  passing  the  K-S  test  were  tested  against  each  other » 
thus  leading  to  one  hypothesis  being  selected  over  the  others 
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IV.  Results 

Particle  Size  Distribution 

The  data  ccllected  from  the  56  fractionated  samples  are 
summarized  in  Appendix  A.  Additional  information  on  the  dis¬ 
tribution  of  the  data  within  each  size  group  is  obtained  in 
the  results  of  the  stochastic  analysis  (Table  IV). 

It  is  of  interest  to  note  that  an  average  of  36.8  per 
cent  of  the  total  particulates  were  over  7.0  microns  in  diam¬ 
eter  i  particles  of  this  size  are  generally  filtered  by  the 
respiratory  system  before  they  have  a  chance  to  enter  the 
lungs.  On  the  other  extreme,  however,  31.3  per  cent  of  the 
particulates  were  less  than  1.1  microns  in  diameter j  particles 
of  this  diameter  can  penetrate  deeply  into  the  human  respira¬ 
tory  system.  Particles  less  than  1.1  microns  have  n  very 

slow  settling  velocity,  1.0  micron  particles  settle  at 
•3 

3.49  x  10  ca/sec,  and  many  stay  suspended  indefinitely  un¬ 
less  "washed"  from  the  atmosphere  by  precipitation.  The 
remaining  31  9  per  cent  of  the  particulates  penetrate  the 
respiratory  system  to  varying  degrees,  but  are  not  nearly  as 
critical  to  human  health  as  the  particles  under  1.1  microns. 
Fig.  3  shows  the  depth  that  various  sized  particles  penetrate 
the  human  respiratory  system. 

Mercury  Concentrations 

Data  obtained  from  the  mercury  analysis  of  the  particu- 
lates  indicate  an  average  concentration  of  6,9  x  10  grams 
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3 

per  cubic  meter  (ng/m  )  of  air  on  WPAFB.  This  level  is  con¬ 
siderably  lower  than  the  mercury  content  in  particulates  col¬ 
lected  in  Cincinnati,  Ohio  (Ref.  17)  which  showed  an  average 

3 

content  of  100  ng/m.  The  range  of  the  Cincinnati  samples  was 

3  3 

30  to  210  ng/m,  compared  with  0.1  to  30.7  ng/m  for  the 

samples  analyzed  in  this  study.  This  difference  could  be 

attributed  to  the  large  amount  of  coal  burning  industry  in 

the  Cincinnati  area  compared  to  the  WPAFB  area. 

Data  on  mercury  concentrations  in  size  groups  is  stated 
in  Appendix  A,  and  summarized  in  Fig.  4.  Correlation  coeffi¬ 
cients  (Ref.  5)  were  calculated  relating  mercury  concentration 
to  particulate  concentration  in  the  five  size  groups  considered. 
For  stages  1  through  5  the  correlation  coefficients  were 
0.145,  0.171,  0.312,  0.431  and  0.022  respectively.  Fo*  a 
sample  size  of  20  and  at  a  0.05  significance  level  none  of 
the  above  coefficients  establish  correlation.  As  seen  in  Fig* 

5,  there  were  several  high  concentrations  noted  in  the  sam¬ 
ples,  but  they  did  not  appear  consistently  in  the  same  size 
groups.  Because  of  the  inconsistency  between  samples ,~  average 
figures  cannot  be  used  to  define  an  accurate  model  of  the  sys¬ 
tem.  It  is  not  possible  to  state  with  certainty  the  reason 
for  the  erratic  data  obtained  in  the  mercury  analysis,  but  it 
could  result  from  two  possible  factors.  First,  the  actual 
mercury  concentrations  could  appear  as  shown  by  the  data,  and  - 
no  relationship  exists  between  the  mercury  content  and  particle 
size.  The  other  possible  factor  is  the  technique  used  for 
mercury  analysis.  Several  times  inexplicably  high  or  low 
readings  wore  noted  when  analyzing  standard  solutions  and 
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Histogram  of  Lead*  Mercury,  and  Particle  Concentrations  (Continued) 
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Fig.  5.  Histogram  of  Lead,  Mercury,  and  Particle  Concentrations  (Continued) 
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similar  occurrences*  could  explain  some  of  the  seeming  inccn* 
sistent  mercury  concentrations.  The  presence  of  4  or  5 
erroneous  results  could  distort  any  relationship  which  may 
have  existed. 

It  is  not  presently  known  if  the  mercury  is  adsorbed  on 
the  surface  of  particulates,  absorbed  into  the  particles,  or 
some  combination  of  the  adsorption  and  absorption*  If  a 
relationship  could  have  been  established  between  mercury  con¬ 
centration  and  particle  size,  it  would  be  possible  to  postu¬ 
late  how  the  mercury  is  transported  using  the  area  and  volume 
relationships  for  various  sized  particles. 

It  was  stated  in  the  introduction  that  coal  was  thought 
to  be  the  main  contributor  of  mercury  to  the  local  atmosphere. 
In  an  attempt  to  determine  the  amount  of  mercury  added  to  the 
atmosphere  by  coal  burned  on  WPAFB ,  five  coal  samples  were 
analyzed  for  their  mercury  content'.  The  results  of  these 
tests  are  shown  in  Table  I.  The  5-saraple  average  value  of 
96.2  ppb  multiplied  by  500  tons  of  coal  burned  each  day  dur¬ 
ing  the  winter  months  implies  that  0.078  pounds  of  mercury 
per  day  are  added  to  the  atmosphere  from  the  base  heating 
plants.  Previous  reports  indicate  tnat  all  mercury  is 
released  into  the  atmosphere  when  fossil  fuels  are  burned 
(Ref.  15).  Coal  purchased  by  WPAFB  is  mined  in  the  ^nap  Creek 
area  of  West  Virginia. 

In  addition  to  the  20  fractionated  samples  analyzed,  wo 
bulk  sample  filters  were  analyzed  to  check  the  reproducibility 
of  the  mercury  analysis  technique.  Each  filter  was  divided 
into  four  equal  sections,  and  the  mercury  concentration  r 
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each  section  was  determined.  Assuming  that  the  particulates 

are  distributed  evenly  on  the  filter  as  was  shown  in  Ref.  6, 

the  concentration  should  be  identical  ,'or  each  of  the  four 

sections  of  the  same  filter.  The  results  of  the  24  Feb  72 

a 

filter  were  quite  good,  varying  from  0.38  to  0.72  ng/nf'.  in 
testing  the  samples  the  absorbance  varied  from  0.016  to  0.023. 
The  6  Feb  72  samples  showed  more  variation,  ranging  from  0.56 

3 

to  1.52  ng/m  .  The  absorbance  of  these  samples  ranged  from 
0.020  to  0.040.  Table  II  contains  the  results  obtained  for 
each  filter. 

At  this  time  there  is  no  established  maximum  level  of 
mercury  concentration  in  the  atmosphere.  A  proposed  maximum 

3 

of  10,000  ng/m  has  been  made  by  the  American  Conference  of 
Governmental  Industrial  Hygienists  (Ref.  17).  However, 
Russian  experiments  have  indicated  that  constant  exposure  to 
mercury  vapor  in  concentrations  greater  than  300  ng/m  may 

Table  I 

Mercury  Content  in  Coal  Samples 
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present  a  health  hazard  (Ref.  17). 

The  significance  of  mercury  content  in  particulates  is 
not  fully  understood  at  this  time.  Several  studies  have  been 
conducted  to  determine  the  concentration  of  mercury  vapor  in 
the  atmosphere  and  laboratory  facilities,  and  others  to 
determine  mercury  concentration  in  particulates ,  but  there 
has  been  no  attempt  to  correlate  the  two  aspects  of  mercury 

/ 

pollution.  The  EPA  has  selected  mercury  as  one  of  the  toxic ( 
elements  to  be  monitored  in  the  near  future,  and  it  appears 
that  the  criteria  will  be  established  in  terms  of  mercury 
vapor  concentration.  This  would  require  each  local  air  pol¬ 
lution  monitoring  office  to  purchase  mercury  vapor  analysis 
equipment.  However,  if  a  relationship  exists  and  can  be 
determined  between  mercury  vapor  concentration  and  mercury 
concentration  in  particulates,  and  if  the  offices  presently 
have  the  capability  to  analyze  particulate  samples  for  mer¬ 
cury  concentration,  new  equipment  would  not  be  required.  The 
hi-volume  particulate  samples  which  are  presently  collected 
could  be  analysed  for  mercury  concentration  and  this  figure 
converted  to  determine  the  mercury  vapor  concentration* 

Lead  Concentration 

Tl,e  average  lead  concentration  of  the  twenty  samples 
analyzed  was  1.25  x  10’6  grams  per  cubic  meter  (ug/m3),  with 
concentrations  ranging  from  0.4G  to  2.22  ug/m3.  These 
results  are  extremely  close  to  those  obtained  in  sampling 
near  St.  Louis,  Missouri  (Ref.  6)  which  ranged  from  0.41  to 
3.1  ug/n.  .  They  also  compare  quite  closely  wit’i  residential 
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area  lead  concentrations  in  Detroit  and  New  York  (Ref.  7), 
and  Cincinnati  (Ref.  13).  A  previous  'study  indicated  that 
the  lead  concentration  composed  1.7  per  cent  of  the  total 
particulate  concentration  in  Cincinnati  (Ref.  13).  For  the 
samples  analyzed  in  this  study,  the  lead  concentration  was 
1.5  per  cent,  of  the  total  particulate  concentration*  an 
exceptionally  good  correlation. 

An  average  of  50.9  per  cent  of  the  lead  was  found  to  be 
in  particles  less  than  1.1  microns  in  diameter.  9.3  per  cent 
from  1.1  to  2.0  microns,  9.4  per  cent  from  2.0  to  3.3  microns, 
14.2  per  cent  from  3.3  to  7.0  microns,  and  16.2  per  cent  was 
in  particles  with  aerodynamic  diameters  over  7.0  microns. 

Fig.  4  shows  the  slopes  of  the  lines  plotted  for  particulate 
concentration  and  lead  concentration  are  nearly  the  same. 

Lead  has  a  greater  percentage  in  the  size  group  under  1.1 
microns,  but  the  groups  from  1.1  microns  to  7.0  microns  show 
a  remarkable  similarity  between  percentage  of  total  particu¬ 
lates  and  percentage  of  total  lead  contained  in  the  size 
range.  The  factor  of  primary  importance,  however,  is  the  high 
concentration  of  lead  in  particulates  less  than  1.1  micron. 

TVo  bulk  sample  filters  were  divided  into  four  equal 
areas  each  and  analyzed  to  check  the  reproducibility  of  the 
lead  analysis  method.  Assuming  uniform  distribution  of  par¬ 
ticulates  (Ref,  6),  equal  lead  concentrations  were  expected 
for  each  section  of  the  same  filter.  Results  of  the  tests 
were  excellent  and  are  shown  in  Table  III. 

The  EPA  has  not  estat  •  .shed  maximum  limits  for  lead 
concentrations  in  ambient  air.  Tests  conducted  at  a  mountain 
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Table  II 

Reproducibility  of 
Mercury  Analysis 


Sample 

Mercury  Concentrate 
( UR/rv* ) 

6  Feb  72 

1 

1.52 

2 

0. 5f* 

3 

ia<> 

4 

i.3a 

24  Feb  72 

1 

0,38 

2 

0.42 

3 

0.38 

4 

0.72 

Table  III  ' 
Reproducibility  of 
Lead  Analysis 
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site  in  southern  California  with  no  vehicular  traffic  or  in¬ 
dustrial  activity  near  it  yi  ilded  an  average  lead  concentra- 

fO 

tion  of  0.05  ug/nr  (Ref,  11/ ,  fax  below,  the  concentrations 
experienced  by  residents  of  our  nation’s  large  cities,  or  even 
serai-rural  areas  such  as  WPAFB, 

Opinions  on  the  importance  of  lead  concentrations  in  the 
atmosphere  are  varied,  A  recent  report  by  an  adhoc  panel  of 
the  National  Research  Council's  Committee-  on  Biologic  Effects 
of  Atmospheric  Pollutants  reports  that  "for  an  average  city 
resident,  the  total  exposure  produces  a  blood  lead  concentra¬ 
tion  about  half  that  necessary  to  cause  biochemical 'changes 


in  the  body  and  one-fourth  the  1  avel^at  which  symptoms -of  ' 
lead  poisoning  begin  to  occur"  (Ref.  12).  Another  report, 
however,  states  that  the  idea  of  biochemical  changes  occurring 

above  a  line  and  not  occurring  at  concentrations  below  that 

«  *  < 

line  is  simply  not  true.  Rather,  for  any  concentration  above 
the  natural  level  for  man,  the  body  is  effected  to  varying 
degrees  (Ref,  16),  Much  worK  needs  to  be  done  in  the  area  of 
defining  the  effects  of  lead  on  man.  We  know  that  approxi¬ 
mately  40  per  cent  of  the  lead  ingested  into  the  lungs  is 
absorbed  by  the  body.  Only  about  5  per  cent  of  the  lead  con¬ 
sumed  in  food  is  absorbed  Into  the  body  (Ref,  16),  thus  indi¬ 
cating  the  importance  of  controlling  the  lead  concentrations 
in  the  atmosphere. 


Results  of  Stochastic  Analysis 

111  ■  i<iM<  mmmmmMmrnrm  mmmm 

The  variable  of  primary  interest  in  the  modeling  study 
was  the  total  particulate  concentration.  Ninety  samples  were 
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taken  between  10  Nov  71  and  3  Apr  72,  56  using  the  Anderson 
sampler  head  and  34  bulk  samples.  The  results  of  the 
analysis  are  shown  in  the  upper  portion  of  Table  IV.  The 
limits  of  the  Reverse  Arrangements  test  are  shown  at  the  0.1 
level  of  significance,  and  the  total  number  of  reverse  arrange¬ 
ments  shown  immediately  below.  The  number  of  reverse  arrange¬ 
ments  was  well  within  the  established  limits,  thus  confirming 
the  previous  assumption  of  randomness.  The  remaining  columns 

show  the  results  of  the  K-S  test,  the  Likelihood  Ratio  (LR)  :  ' 

f  ■**  ’*  * 

test,,  the  corresponding' parameters  of  the  functions  isolated 

-  - 

by  the  K-S  and  LR  test,  and  the  first  and  second  women tsof 

the  functions.  The  K-S  test  accepted  five  density  functions i 

fc 

Largest  Extreme  Value,  Lognormal,  Gamma,  Weibull,  and  Beta  . 

Of  -these,  the  LR  test  isolated  the  Lognormal  as  the  function 
best  describing  the  data.  The  number  of  functions  passing 
the  K-S  test  was  not  unusual  considering  the  relatively  small 
sample  size.  Since  the  maximum  allowable  K-S  statistic, 
dK(N),  was  0.1128  and  the  maximum  difference  for  the  Lognor¬ 
mal  density  function  was  0.0570,  the  null  hypothesis  of  Log- 
normality  was  accepted. 

Also  of  interest  was  the  distribution  of  particulates  in 
the  5  size  groups!  greater  than  7.0,*  3.3  to  7.0,  2.0  to  £.3, 

1.1  to  2.0,  and  less  than  1.1  microns.  The  particulate  con¬ 
centrations  in  each  of  chese  size  groups  was  analyzed  using 
the  computer  program  described  above,  and  the  results  are 
shown  in  the  lower  portion  of  Tablt  IV.  The  concentrations 
of  particulates  greater  than  7,0  microns  were  also  best 
described  by  the  Lognormal  density  function.  The  concentra- 
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tions  of  the  3.3  to  7.0  micron  particles  were  best  described 
by  the  Gamma  density  function i  the  parameters  of  whlchrare 
also  shown  in  Table  IV,  The  Reverse  Arrangements  test  re-  • 
Jected  randomness  at  the  0.10  level  of  significance,  but 
accepted  at  the  0.05  level  for  this  size  group.  For  the 
sample  size  N  *  56  the  randomness  of  the  particulate  concen¬ 
trations  in  the  2.0  to,  3.3  and  1.1  to  2.0  micron  size  groups 
could  not  be  established  by  the  Reverse  Arrangements  test  at 
any  level  of  significance,  hence  could  not  be  analyzed  sto¬ 
chastically.  The  importance  of  this  finding  is  not  fully 
-  #  *■ 

understood  at  this  time.  If  future  studies  of  -this  nature 
are  made,  it  is  recommended  that  consideration  be  given  to 
why  data  from  these  two  size  groups  are  not  accepted  as  ran¬ 
dom  when  data  from  other  size  groups  are.  The  most  critical 

of  the  particle  size  groups  analyzed  is  that  less  than  1.1 

* 

microns.  These  particles  are  almost  permanently  suspended  in 
the  atmosphere  unless  washed  out  by  precipitation,  and  also 
have  the  deepest  penetration  in  the  respiratory  system.  Ran¬ 
domness  was  established  at  the  0.10  level  of  significance, 
and  the  K-S  test  passed  5  density  functions,  Largest  Extreme 
Value,  Lognormal,  Gamma,  Weibull,  and  Beta,  The  LR  test 
isolated  the  Beta  function  to  best  describe  the  data,  and  the 
parameters  are  given  in  Table  IV, 

Using  the  Information  given  in  Table  IV  and  the  defini¬ 
tions  of  the  density  functions  in  Appendix  £>,  the  probability' 
of  particulate  concentrations  exceeding  certain  levels  can  be 
determined  for  WPAFB,  Ohio.  An  example  using  the  Lognormal 
density  function  to  calculate  the  probability  of  total 
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particulate  concentrations  exceeding  120  ug/m  is  included  in 
Appendix  E. 
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V.  Conclusions 


» 


Mercury  and  lead  concentrations  and  distributions  in 
particulates  as  well  as  the  total  concentration  of  suspended 
particulates,  on  WPAFB  have  been  considered  in  this  study. 
Several  conclusions  have  been  reached  and  are  listed  belowi 

1.  A  significant  portion  of  the  tctal  particulates 

(31,1  per  cent)  were  below  1.1  microns  in  diam¬ 
eter.  _ 

2.  The  average  lead  concentration  on  WPAFB  was  1.25 
ug/m^i  this  statistic  agrees  well  with  studies 
conducted  in  other  midwestem  cities.  Although 
no  linear  correlation  was  found  between  lead  con¬ 
centration  and  particulate  concentration  in  the 
various  size  groups*  over  half  (50.9  per  cent) 
of  the  lead  was  in  particulates  less  than  1.1 
microns  in  diameter. 

3.  Mercury  concentrations  were  quite  low  when  com¬ 
pared  to  recommended  standards  for  the  United 
States.  No  linear  correlation  between  mercury 
concentration  and  particle  size  was  found. 

4.  West  Virginia  coal  burned  on  WPAFB  was  found  to 
contain  96.2  ppb  mercury.  The  total  amount  of 
mercury  added  to  the  atmosphere  by  burning  coal 
on  WPAFB  was  estimated  at  0,078  pounds  per  day 
during  the  winter  months.  This  figure  is  well 
within  federal  emissions  standards  of  5  pounds 
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per  day  for  each  plant  (Ref.  9). 

5.  The  Lognormal  density  function  was  found  to  best 
describe  the  data  collected  on  total  particulate 
concentrations.  By  using  the  parameters  of  the 
Lognormal  function  the  probability  of  future 
particulate  concentrations  on  W.PAFB  may  be  stated* 

6.  The  Beta  density  function  was  isolated  as  the 
function  best  describing  the  particulates  less 
than  1.1  micron  in  aerodynamic  diameter. 


F 


t 

i 
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VI «  Recommendations 

The  following  recommendations  are  mad*  j  a  result  ef 
the  findings  of  this  study i 

1.  A  closed  system  should  be  used  in  future  mercury 
analysis  of  particulates.  Such  a  system  could  be  easily 
achieved  by  connecting  a  small  pump  to  move  the  air  contained 
in  the  system*  and  recycling  the  air  until  a  constant  absor¬ 
bance  is  obtained  for  the  sample.  The  system  would  be  purged 
after  each  mercury  analysis.  The  proposed  system  would  elim¬ 
inate  many  possible  sources  of  error  which  exist  in  the 
ent  system. 

-  2.  A  study  should  be  conducted  to  determine  the  rela¬ 

tionship  between  atmospheric  mercury  vapor  concentrations  and 

particulate  mercury  concentrations.  This  study  should  be 

# 

undertaken  as  soon  as  possible  so  the  EPA  can  use  the  informa¬ 
tion  in  their  program  for  monitoring  mercury  concentrations 
in  the  atmosphere, 

3,  A  study  similar  to  the  one  reported  here  should  be 
conducted  on  WPAFB. after  the  heating  plants  have  been  con¬ 
verted  from  coal  to  oil  or  natural  gas.  This  follow-on  study 
would  determine  what  effect  the  change  in  fuels  has  had  on 
the  quality  of  ambient  air  on  the  base, 

4,  A  continuing  program  to  periodically  analyze  par¬ 
ticulate  samples  for  lead  concentration  should  t*  established. 
As  more  automobiles  burn  lead-free  or  low-lead-content  gas¬ 
olines,  the  lead  content  in  ambient  air  should  decrease,  A 
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program  to  monitor  lead  concentrations  In  the  atmosphere  Is 
necessary  to  verify  the  predicted  decreases, 

5.  The  findings  in  this  report  should  be  used  in  fur¬ 
ther  studies  of  the  ecosystem  of  WPAFB.  The  atmosphere  is 
only  one  part  of  man’s  environment,  and  other  aspects  of  that 
environment  must  also  be  studied  in  order  to  better  under¬ 
stand  the  possible  dangers  that  man  may  encounter  in  the 
future.  As  the  total  ecosystem  is  understood,  the  resources 
available  to  man  can  be  used  to  the  greatest  advantage. 
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Appendix  A 

Data  From  24- Hour  Hl-Volume  ' 

Ambient  Air  Samples 

Data  displayed  in  Table  V  were  collected  from  three 
sampling  sites  on  WPAFB .  Data  from-  10  November  71  through 
2  December  71  were  collected  ftom  Site  1,  4  December  71 
through  7  January  72  were  from  Site  IX,  and  9  January  72 
through  3  April  72  were  collected  a  com  Site.  III. 
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Table  V 

DATA  FROM  21* -HOUR  HI-VOLUME  AMBIENT  AIR  SAMPLES 


Sample 


Particulate 

Weight 


10  Nov  71 

Bulk 

* 

12  Nov  71 
1 
2 

3 

4 

5 

Total 

14  Nov  71 
1 
2 

3 

4 

5 

-  Total 

16  Nov  71 

1 

2 

—i 

J 

4 

5 

Total 

J 

i  18  Nov  ?1 


Total  | 


C.0899 

0.0330 

G.C206 

0.0172 

0.0426 


.0304 

.0169 

.0091 

.0078 

.0211 

.0853 


.0693 

-.-0175 

.0099 

.0090 

.0376 


Volume 
Sampled 

,  3, 


0,0917  868.5 


812.7 

812.7 

812.7 

812.7 

812.7 


0.2033  812.7 


.0271 
.0136 
c‘)073  { 
.0063  [ 
.0236 

*0779 


787.2 

787.2 

787.2 

787.2 

787.2 

787.2 


824. C 
824,0 
824.0 
824.0 
824.0 


.  1433  824,0 


8l3,& 

813.8 

S13.S 

813.8 

§Xh3. 

813.8 


Cone . 

Lrnlsx h. 
105.6 


110.6 

40.7 

25.3 

21.2 

52.4 

250.1 


38.6 

21.5 

11.6 

9.9 

26.8 

108.3 


84.1 

21.2 
12.0 
10,9 
45.6 

173,9 


33,3 

16.7 

9,0 


95,7 


Mercury 

Lead 

Cone, 

Cone 

-JaxzM 

(1) 


-.0044 

.0024 

.0022 

.0053 

.0014 

0,0157 


0.0? 

0.11 

0.07 

0.07 

0.76 

1.08 


Ssapi*  not  anolyzea, 
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Table  V 
(Continued) 

!  :.Z\  -HOUR  PI-VOLUME.  AMBIENT  AIR  SAMPLES 


Sample 

Particulate 

Weight 

_  (sa) 

Volume 

Sampled 

(r?) 

Particulate 

Cone. 

‘ (ue/m^) 

Mercury 

Cone. 

(ug/re?) 

20  Nov  71 

1 

.C152 

815.5 

-  18,6 

«•  m  m 

2 

.0083 

815,5 

10.2 

«#« 

3 

*0048 

815.5 

5,9 

4 

.0023 

815.5- 

2,8 

mmm 

5 

.('369 

815.5 

45,2 

Total 

•  C675 

815.5 

82.8 

22  Nov  71 
1 

.0165 

812.7 

20.3 

mmm 

2 

.0057 

812.7 

7.0 

mmm  K 

3 

.0036 

812.7 

4.4 

mm<* 

4 

.0021 

8i2.7 

2.6  , 

m  mm  < 

5 

.0114 

812.7 

14,0 

mmm  ' 

Total 

.0393 

812.7 

48.3 

24  Nov  71 
1 

.0151 

812.7 

18.6 

.0005 

2 

.0094 

812.7 

11.6 

.0018 

3 

.0G86 

812.7 

io,6 

,0007 

4 

.0079 

812.7 

HQ 

.0000 

5 

.0230 

812.7 

Klfl 

.0010 

Total 

.0640 

812.7 

78.8 

.0040 

28  Nov  -1 

1 

.0199 

815.5 

24.4 

mmm 

2 

.0086 

815.5 

10,5 

mmm 

3 

.0073 

815.5 

8*9 

mm  4* 

4 

.0071 

815.5  ' 

8.7 

u> 

5 

.0163 

815.5 

20.0 

mmm 

Total 

.0592 

815.5 

72,6 

• 

30  Nov  71 
1 

.0129 

811*0 

ir.9 

m  m-m 

2 

.0050 

.K31EK 

6.2 

mmm 

3 

.0044 

811.0 

5.4 

4 

.0038 

811  r0 

4,7 

mm  m 

5 

mmm 

811.0 

13,2 

mmm 

Total 

.0368 

811.0 

4.5*4 
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Table  V 
(Continued) 

DATA  FROM  2 4 -HOUR  HI-VOIHME  AMBIENT  AIR  SAMPLES 


Semple 

Particulate 

Weight 

(m) 

r^* - - 

! .  Volume 
Sampled 

_  tm\.. . 

Particulate 

Cone. 

(uff/m^) 

Mercury 

Cone. 

'*  2  Dec  71 
i 

mm 

801.4 

38.4' 

mmm 

2 

.0109 

801.4 

13.6 

*•  m 

3 

801.4 

9.2 

4 

801.4* 

6.7 

mmm 

5 

801.4 

23.3 

»*«*» 

Total 

.C732 

801.4 

91.3 

4  Dee  71 

1 

.0216 

812.7 

26.6 

♦0060 

2 

.0105 

812.7 

13.0 

.0001 

3 

.0104 

812.7 

12.8 

.0177 

4 

.0073 

812.7- - 

*  '.0052;/ 

5 

.0165 

812.7 

20.3 

.0017 

Total 

.0664 

812.7 

81.7  . 

.0307 

*8  Dec  71 

i 

1 

.0338 

41.9 

mmm 

2 

.0131 

807.0 

16.2 

mmm 

-  3 

,0106 

807.0  ! 

13.-1 

mmm 

4 

.0092 

11.4 

mm*  c* 

5 

.0409 

50.7 

mmm 

Total 

.1076 

807.0 

133.3 

10  Dec  71 

1 

1 

{ 

• 

1 

.0424 

S15.5 

52,0 

mmm 

2 

.0248 

815.5 

30.4 

mmm 

3 

.0182 

815.5 

22.3 

mmm 

4 

.0138 

815.5 

16,9 

r\**m 

e 

.0178 

815.5 

21.8 

Total 

|KQ77§j| 

815.5 

143,4 

12  Dee  71 
1 

1 

812./ 

29,3 

,0004 

2 

.0123 

812.7 

15.1 

.0005 

3 

.0094 

812.7 

11.6 

.0000 

4 

.0081 

812.7 

9,9 

.0010 

5 

812.7 

23,5 

.0002 

Total 

.0727 

812*7 

89,5 

.0021  • 

giS* 


%  nfsA*  £?££s^ilii&£^i 
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Table  5 
(Continued) 


DATA  FROM  24-HOUR  HI -VOLUME  AMBIENT  AIR  SAMPLES 


IPartlculate 


Sample 


Volume 

Sampled 

5 


rt.lculate  {  Mercury 


14  Dec  71 
.  1 
2 

3 

4 

5 

Total 

16  Dec  71 
1 
2 

3 

4 

5 

Total 

18  Dec  71 
1 
2 

3 

4 

5 

Total 

21  Dec  71 
1 
2 

3 

4 

5 

Total 

23  Dec  71 
1 
2 

3 

4 

5 

Total 


6 


#0561 


.0371 

.0187 

.0140 

.0110 

.0172 


.0980 


.0208 

.0083 

.0060 

.0062 

.0237 


.0650 


.0573 

.0248 

.0159 

.0174 

.0213 


.1367 


0513 

812.7 

63,1 

C853 

212.7 

104.9 

0172 

843.9 

20.4 

0075 

843.9 

8.9 

0052 

843.9 

6.2 

0046 

843.9 

•5.5 

843,9 


843.9 


807.0 

807.0 

807.0 

807.0 

807.0 


807.0 


818.4 

818.4 

818.4 

818.4 

818.4 


818,4 


838.2 

838.2 
838,2 

838.2 

838.2 


338.2 


25.6 


66.5 


45.9 

23.2 

17.3 
13.6 

21.3 


121.4 


25,4 

10,1 

.7.3 

7.6 

28.9 


68.4 

29.6 
19.0 

20.7 


163.1 


.0037 

.0022 

.0024 

.0037 

0019 


0.07 

0.07 

0.04 

0.07 

0.47 
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Table  5 
(Continued) 


BA2A  FROM  fill -HOUR  HI-VOHJMB  AMBIENT  AIR  SAMPLES 


Sample 


Particulate 

Weight 


25  Dec  71 
1 


Total 

30  Dec  71 
1 


Total 

1  Jan  72 
1 


Total 

6  Jan  72 
Bulk 

7  Jan  72 
Bulk 

9  Jan  72 
Bulk 

10  Jan  72 
1 


Total 


*0254 

.0149 


*0874 


.0107 


.0336 


.0397 


.0295 

.0089 

.0046 

.0040 

.020e 


.0670 


Volume 

Sampled 

5 


articulate  Mercury 
Cone.  Cone. 


809.9 


5 
5 

52.4 
4 
4 


107.9 


12.6 

12.9 

3.4 

2.6 


.0077 


852.4 


818.4 

818.4 

818*4 

818.4 

818.4 


818.4 


.2148  1574.4 


.0975  1854.8 


.0951  1642.4 


5 


48.5 

136.4 


0023 

0012 

0009 

0009 

0025 


816.7 

816.7 

816.7 

816.7 

816.7 


816.7 


Lead 

Cone. 


0.82 


0.16 

0.12 

0.12 

0.12 

0.23 
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Table  5 
(Continued) 

DATA  FROM  2 H-HOUR  HI-VOUJME  AMBIENT  AIR  SAMPLES 


Sample 

Particulate 

Weight 

( nr.)  1 

Volume 

Sampled 

Particulate 

Cone. 

Mercury 

Cone. 

(ug/m^) . 

Lead 

Cone. 

(uq/v?) 

11  Jan  72 
Bulk 

.  0.C904 

811.6 

111. '4 

«•  m  m 

mmm 

12  Jan  72 
1 

.0274 

792.0- 

34.6 

.0055 

0.33 

2 

.0094 

792.0 

11.9 

.0008 

0.30 

3 

.0041 

792.0 

5.2 

.0009 

0.18 

4 

.0014 

792.0 

1.8 

.0003 

0.14 

5 

.0181 

792.0 

22.8 

.0001 

0.99 

Total 

.0604 

792.0 

- 

76.3 

.0076 

1.94 

13  Jan  72 
Bulk 

.0274 

790.0 

3.4.7 

•• 

— 

14  Jan  72 
1 

.0470 

859.1 

54.7 

.0024 

0.20 

2 

.0120 

859.1 

14.0 

.0008 

0.14 

3 

.0054 

859.1 

6.3 

.0009 

0.14 

4 

.0038 

859.1 

4.4 

.0000 

0.10 

5 

.0161 

859.1 

18.7 

.0004 

0.63 

Total 

.0843 

859.1 

98.1 

.0045 

1.21 

15  Jan  72 
Bulk 

.0621 

1012.3 

61.3 

mmm 

16  Jan  72 
1 

.0235 

863.5 

27.2 

mmm 

*•••• 

2 

.0093 

863.5 

10.8 

«  (VO 

... 

3 

.0039 

863.5 

.4.5 

mmm 

4 

.0022 

863.5 

2.5 

mmm 

5 

.0149 

863.5 

17.2 

•  m  m 

mm  m 

Total 

.0538 

863.5 

62.3 

17  Jan  72 
Bulk 

.0822 

978.6 

84.0 

mmm 

mmm 

50 
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Table  5 
(Continued) 


DATA  l'ROM  2 1* -HOUR  HI-VOLUME.  AMBIENT  AIR  SAMPLES 


! 


% 


Sample 

Particulate 

We-ight 

(sn) 

Volume 

Sampled 

(m3> 

'’articulate 

Cone. 

(u«/m?V _ 

Mercury 

Cone. 

(ug/in3) — 

Lead 

Cone. 

...  ( ug/m^l 

25  Jan  72 

Bulk 

.0616 

1018.0 

60.5 

mmm 

mmm 

26  Jan  72 

1 

.0163 

811.0. 

20.1 

mmm 

mmm 

2 

.0064 

811.0 

7.9 

mmm 

mmm 

3 

.0025 

811.0 

3.1 

--- 

mmm 

4 

.0022 

Sil.O 

2.7 

--- 

mmm 

5 

.0149 

811.0 

18.4 

«*«« 

mmm 

Total 

.0423 

811.0 

52.2 

27  Jan  72 
Bulk 

.0536 

954.9 

56.1 

mmm 

mmm 

28  Jan  72 

0.23 

1 

.0290 

910.4 

31.8 

.0002 

2 

.0085 

910.4 

9.3 

.0001 

0.19 

3 

.0035 

910.4 

3.8 

.0002 

0.11 

4 

.0024 

910.4 

2.6 

.0001 

0.11 

5 

.0233 

910.4 

25.6 

.0002 

0.94 

Total 

.0667 

910.4 

73.3 

.0008 

1.58 

29  Jan  72 

Bulk 

.1484 

987.2 

150.3 

30  Jan  72 

1 

.0286 

812.7 

35.2 

mmm 

2 

.0094 

812.7 

11.6 

mmm 

--- 

3 

.0043 

812.7 

5.3 

mmm 

mmm 

4 

.0036 

812.7 

'  4.4 

mmm 

mmm 

5 

.0206 

812.7 

25.3 

mmm 

mmm 

Total 

.0665 

812.7 

81.8 

• 

31  Jan  72 

Bulk 

.1142 

1021.9 

111.7 

mmm 

52 
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Table  5 
(Continued) 

DATA  FROM  24 -HOUR  KI-VOLUME  AMBIENT  AIR  SAMPLES 


Particulate  Volume  {Particulate  |  Mercury 
Sample  Weight  '  Sampled 

,3 


1  Feb  72 
1 
2 

3 

4 

5 


Total 

2  Feb  72 
Bulk 

3  Feb  72 

1 

2 

3 

4 

5 

Total 

4  Feb  72 
Bulk 

5  Feb  72 

1 


Total 

6  Feb  72 
Bulk 

7  Feb  72 

1 


Total 


.0593 


.1082 


.0324 

.0208 

.0106 

.0058 

.0221 


.0917 


.0921 


.0263 

.0101 

.0059 

,0040 

.0179 


.0642 


.0481 


.0243 

.0052 

.0030 

.0019 

.0.96 


.0540 


792.9 


29.6 


74.8 


995.5  108.7 


812.7 

812.7 

812.7 

812.7 

812.7 


812.7 


1040.7 


801.8 

801.8 

801.8 

801.8 

801,8 


801.8 


1012.3 


808.2 

808.2 

808.2 

808.2 

808.2 


808.2 


39.9 

25.6 

13.0 


47.5 


30.1 
6.4 
3.7 
2.3 

24.2 


66.8 


.0065 


.0012 

.0003 

.0003 

.0003 

0006 


0.26 

0.22 

0.13 

0.13 

0.72 


1.46 


0.24 

0.20 

0.12 

0.16 

0.90 


1.62 
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Table  5 
(Continued) 

DATA  FROM  21* -HOUR  HI -VOLUME  AMBIENT  AIR  SAMPLES 


Particulate 


8  Feb  72 

Bulk 

..1470 

9  Feb  72 

1 

.0196 

2 

.0112 

3 

.0060 

4 

♦  0064 

5 

.0365 

Total' 

.0797 

10  Feb  72 

Bulk 

.1198 

11  Feb  72 

1 

.0345 

2 

.0116 

3 

.0077 

4 

.0087 

5 

.0412 

Total 

.1037 

12  Feb  72 

Bulk 

.1254 

15  Feb  72 

1 

.0216 

2 

.0069 

3 

.0042 

4 

.0034 

5 

.0149 

Total 

.0510 

16  Feb  72 

Bulk 

.0974 

I 

Volume 
P 
3 


1001.8 

.  809.9 
809.9 
809.9 
809.9 
809.9 


809.9 

999.0 

825.2 

825.2 

82e.2 

825.2 

825.2 


825.2 

1175.9 

795.7 

795.7 

795.7 

795.7 

795.7 


795.7 

999.0 


rticulate  I  Mercury 


146.7 


24.2 

13.8 

7.4 


98.4 

119.9 


41.8 

14.1 


18.7 

64.1 

97.5 


125.7  .0028 

106.6 


27.1 

8.7 


2.20 


M  OOOO 
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Table  5 
(Continued) 

DATA  FROM  2^ -HOUR  HI-VOIDME  AMBIENT  A.IR  SAMPLES 


Simple 


[Particulate 
Weight 

J.eXL _ 


17  Feb  72 

1 

2 

3 

4 

5 

Total 

18  Feb  72 
Bulk 

19  Feb  72 

1 

2 

3 

4 

5 

Total 

20  Feb  72 
Bulk 

21  Feb  72 

1 

2 

3 

4 

5 

Total 

22  Feb  72 
Bulk 

23  Feb  72 

1 

2 

3 

4 

5 

Total 


♦  3272 
.0092 
.0055 
.0034 
.0207 

.0660 


.0999 

.0184 

.0065 

.0029 

.0013 

.0081 

.0372 

.0739 


.0245 

.0110 

.0055 

.0041 

.0182 

.0633 


.0525 


.0230 

.0037 

.0043 

.0050 

t_,_02?5 

.0635 


Volume 

Sampled 

--Cel) - 


812.7 

812.7 

812.7 

812.7- 

812.7 

812.7 


1026.5 


796.6 
796  o  6 
796.6 
796.6 
796.6 

796.6 


1015.9 


801.4 
801.4 
801  j  4 
801.4 
801.4 

801.4 


985.2 


824  Q 
824.0 
824.0 
824.0 
,824.0 

824.0 


jParticulate 

Cone. 

-(■ug/nch. _ 


33.5 
11.3 

6.8 

4.2 

2.5.5 

81.2 


97.3 

23.1 

8.2 

3.6 

1.6 

10.2 

46.7 

72.7 


30.6 

13.7 
6.9 
5.1 

22.2 

78.9 


51.8 


Mercury 

Cone. 

.(uc/ia?.). 


77.1 


Lead 

Cone. 


m 


iTii-Titl 
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Table  5  . 

(Continued) 

DATA  i-'ROM  2 i* -HOUR  HI -VOLUME  AMBIENT  AIR  SAMPLES 


Particulate  I  Volume  (Particulate  [  Mercury 
Sampled 


24  Feb  72 
Bulk 

25  Feb  72 

1 


Total 

26  Feb  72 
Bulk 

27  Feb  72 

1 

2 

3 

4 

5 

Total 

29  Feb  72 
1 
2 

3 

4 

1 

Total 

1  Mar  72 
Bulk 

2  Mar  72 

1 

2 

3 

4 

5 

Total 


,0076 

.0279 


.0799 


.0847 


.0377 

.0121 

.0068 

.0062 

.0243 


.0871 


.0392 

.0117 

.0072 

.0048 

.0277 


.0906 


.0494 


.0082 

.0037 

.0020 

.0025 

.0116 


.0280 


995.6 

83.5 

•  826.9 

31.7 

826.9 

13.8 

826.9 

8.2 

826.9 

9.2 

826.9 

33.7 

826.9 

96.6 

10C5.3 

84.2 

807.0 

46.7 

807.0 

15.0 

807.0 

8.4 

807.0 

807.0 

■nn 

SExafiH 

807.0 


788.3 

788.3 

788.3 

788.3 

788.3 


788.3 


1012.3 


775.9 

775.9 


r#j.i 


775.9 

775.9 


775.9 


.0006 

.0013 

.0004 

.0005 

.0007 


.0035 


0.34 

0.27 

0.27 

0.15 

0.80 


1.83 


36.1 


0.12 

0,08 

0.04 

0.04 

0.12 


0.40 


3  Mar  72 
Bulk  .(877 


4  Mar  72 
1 
2 

3 

4 

5 


5  Mar  72 
Bulk 

6  Mar  72 

1 


Total 

12  Mar  72 

1 


Total 

13  Mar  72 
Bulk 

14  Mar  72 

1 

2 

3 

4 

5 

Total 


.0250 

.0076 

.0033 

.(■030 

.(>171 

.0560 


.0988 


.0312 

.0118 

.0074 

.0039 

.0157 

.0700 


.0264 

.0117 

.0055 

.0055 

.0252 

.0743 


.0765 


.0205 

.0060 

.0029 

.0029 

.0174 

.0497 


790.6 


1001.7 


809.9 

809.9 

809.9 

809.9 

809.9 


805.9 


801.4 

801.4 

801.4 

801.4 
801.4 


801.4 


1035.0 


788.9 

788.9 

788.9 
788 9 

788. 9 


788.9 


38.5 

14.6 
9.1 
4.8 

19.4 


.0027 

.0007 

.0005 

.0005 

.0011 


.0055 


31.4 


92,7 

73.9 

26.0 

7.6 

3.7 
3.7 

22.0 


63.0 


0 

0 

0 


.0003 

.0005 

.0018 


0.48 

0.37 

0.22 

0.22 

0.93 


0.29 

0.26 

0.11 

0.14 

0.90 


1.70 


.0178 


GSF/MC/72-1 


Table  5 
(Continued) 

DATA  PROM  2  24 -HOUR  HI -VOLUME  AMBIENT  AIR  SAMPLES 


Particulate 

Volume 

^articulate' 

Mercury 

Lead 

Sample 

We ight 

•  Sampled 

Cone. 

Cone. 

Cone. 

(ea) 

(ug/v?) 

26  Mar  72 

HUpH 

1 

.0162 

829.7 

mm*0 

2 

■  .0078 

829.7 

3 

.0027 

829.7 

«•  »  ■» 

•  • 

4 

.0037 

829.7 

SMrfl 

•»  m  m. 

5 

.0212 

829.7 

«»«»<» 

Total 

.0516 

829.7 

62.2 

27  Mar  72 

Bulk  • 

.0597 

991.1 

60.2 

m+m  mr 

28  Mar  72 

1 

.0240 

812.7 

29.5 

4 9mm 

OMW 

2 

.0096 

812.7 

11.8 

mmm 

3 

.0042 

C  12.7 

5.2 

mmm 

«•«*«» 

4 

.0028 

812.7 

3.4 

•*- 

«*<»«• 

5 

.0170 

812.7 

20.9 

«•  «•  « 

Total 

.0576 

812.7 

70.9 

29  Mar  72 

Bulk 

.0774 

966.3 

80.1 

30  Mar  72 

. 

1 

.0294 

852^4 

34.5 

• 

-> 

.0079 

852.4 

Ot» 

3 

.0037 

852.4 

at  «■  « 

... 

4 

.0010 

;  852.4 

5 

.0220 

852.4 

mm  m  mm 

•M*  W 

Total 

.0640 

852.4 

1  Apr  72 

1 

.0147 

829.7 

.0000 

0.16 

2 

.0066 

829./ 

.0000 

0.12 

3 

.0030 

829,7 

.0000 

0.03 

4 

.0025 

829.7 

3.0 

.0001 

0.08 

5 

,0140 

829.? 

16.9 

.0000 

0.42 

Total 

.0408 

829.7 

49.2 

.0001 

0.86 

3  Apr  72 


.074  5 


1C09.4 


73.8 
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Appendix  B 
Kqui  pm  car. 

Sampler 

Sampler  B£ad.  Since  the  human  respiratory  system  removes 
particles  from  the  air  aerodynamically,  a  sampler  head  was 
chosen  which  operated  on  the  same  principle.  An  Anderson  hi- 
volume  sampler  head  manufactured  by  2000  Inc.  was  selected 
for  this  study  (Fig.  6).  Particulates  were  separated  into 
four  size  groups  by  the  impaction  method,  greater  t..  ~n  7.0, 

3.3  to  7.0,  2.0  to  3,3,  and  1,1  to  2.0  microns.  A  backup 
filter  was  used  to  collect  those  particles  which  passed  the 
final  stage  of  the  head a  Collection  efficiencies  of  the  four 
stages  of  the  sampler  head  are  shown  in  Fig.  7. 

The  rate  at  which  a  particle  falls  in  the  atmosphere 
depends  on  the  weight  and  the  aerodynamic  drag  of  the  parti¬ 
cle.  The  "equivalent  aerodynamic  diameter"  is  defined  as 

3 

the  diameter  of  a  sphere  with  a  density  of  1  gram/cm  having 
the  same  falling,  velocity  as  the  particle  in  question.  All 
particle  sizes  in  this  thesis,  unless  otherwise  stated,  are 
equivalent  aerodynamic  diameters. 

Jet  Plates.  The  sampling  head  holds  five  aluminum 
plates  which  range  from  0.635  to  0.127  cm  in  thickness  (Fig. 
8).  Each  plate  contains  300  orifices,  the  diameters  of  which 
decrease  in  succeeding  stages  of  the  head. 

Gasket-Spacer.  The  jet  plates  are  separated  by  five 


Fig,  6.  Assembled  Sampler  Head 

0.635-cm  thick  neoprene  gaskets.  In  addition  to  separating 
the  plates  they  hold  the  collection  paper  in  place  on  the 
lower  plate,  and  serve  as  an  airtight  seal  between  the  plates. 

Collection  Paper,  The  collection  paper  is  composed  of 
type  "A"  non-hygroacopic  fiberglas.  The  sheets  of  paper  have 
been  specially  cut  and  perforated  to  fit  each  stage  of  the 
head, 

interface  Adapter  Plate,  The  plates,  gaskets,  and  col¬ 
lection  paper  were  mounted  on  the  interface  adapter  plate 
shown  in  Fig.  8.  The  adapter  consists  of  a  center  shoulder 
bolt  and  four  dowel  pins  press  fitted  into  the  mounting  plate, 
and  serves  as  a  structural  frame  for  the  sampler  head.  When 
all  components  were  in  place  a  speedball  handle  was  tightened 
on  the  shoulder  bolt  to  seal  the  unit. 

As  the  airstream  passes  through  the  orifices  of  the 
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Particle  Size  (Microns) 
Collection  Efficiency  of  Sampler  Head  Stages 
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upper  plate t  it  is  directed  vertically  downward.  Thus  the 
particles  in  the  airstreara  have  a  certain  amount  of  inertia, 
depending  on  the  velocity  and?  mass  of  the?  particle,  in  that 
direction,  and  tend  to  resist  any  change  in  velocity.  Since 
the  jet  orifices  in  the  lower  plate  are  not  directly  below 
those  of  the. upper  plate,  the  airstreara  must  change  directions 
as  it  leaves  the  upper  orifice.  If  the  inertia  of  the  par¬ 
ticles  is  great  enough  to  overcome  the  aerodynamic  drag  of  the 
airstream,  they  will  impact  on  the  collection  paper  directly 
below  the  upper  orifice.  As  the  velocity  of  the  airstreara 
'  increases  through  the  smaller  orifices  of  each  succeeding 
stages,  the  smaller  particles  gain  enough  inertia  to  escape 
the  airstream  and  impact  on  the  collection  paper, 

*  Adapter,  An  adapter  plate  (Fig.  9)  was  constructed  to 
attach  the  sampler  head  to  a  standard  20.32  by  25.40-cm  rec¬ 
tangular  attachment  of  a  Staplex  hi- volume  sampler,  A  0.158- 
cm  thick  cork  gasket  was  cemented  to  the  top  and  bottom  sur¬ 
faces  of  the  adapter  to  ensure  that  no  air  entered  the  sam¬ 
pler  below  the  head.  The  sampler  head  was  mounted  on  the  top 
surface,  and  the  bottom  surface  was  used  to  hold  the  backup 
filter  securely  on. the  20.32  by  25.40  cm  mount. 

Staplex  Sampler.  A  Staplex  hl-volume  air  sampler  was 
used  to  pull  air  through  the  sampler  head.  It  was  equipped 
with  a  20.32  by  25.4-cm  rectangular  attachment  for  mounting 
the  backup  filter  and  sampler  head.  The  assembled  configura¬ 
tion  is  shown  in  Fig.  10, 

Manometer.  A  manometer  was  used  to  accurately  set  the 
sampler  for  an  equivalent  pressure  drop  corresponding  to  a 


Fig.  10.  Assembled  Sampler 


flow  rate  of  0.566  cmra.  The  scale  on  the  manometer  was  cali¬ 
brated  with  red  gage  oil,  specific  gravity  .826,  to  correspond 
with  inches  of  water.  The  sampler’  head  was  calibrated  at  the 
factory  to  determine  the  equivalent  pressure  drop  for  various 
elevations,  and  a  curve  giving  this  information  was  included 
with  the  head. 

Variable  Voltage  Transformer.  The  Staplex  sampler  was 
connected  to  a  variable  voltage  transformer  to  properly  adjust 
the  flow  rate  of  the  sampler.  The  trans former  was  connected 
to  a  115  volt  alternating  current  outlet.  Approximately  55 
volts  were  required  to  operate  the  sampler  at  the  proper  flow 
rate. 

Shelter.  The  assembled  sampling  unit  was  installed  in 
a  shelter  as  shown  in  Figs,  11  and  12.  The  shelter  was  manu¬ 
factured  locally,  and  the  dimensions  are  shown  in  Fig.  11. 
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. Scale.  A  Right-A-Weigh  balance  manufactured  by  Wm. 
Ainsworth.  &  Sons,  Inc.  was  used  to  determine  the  weights  of 
collection  papers  and  filters  before  and  after  sampling.  The 
ucale  had  a  200  gram  capacity  and  a  sensitivity  of  1/10  mil¬ 
ligram. 


* 
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Glassware 

Several  items  of  glassware  were  used  in  the  chemical 
analysis  of  the  particulates.  The  absorption  cell  used  in 
the  mercury  analysis  was  the  only  locally  manufactured  piece. 
It  was  constructed  of  borosilicate  glass  tubing,  25-ram  o.d. 
by  150  mm.  The  ends  were  ground  perpendicular  to  the  longi¬ 
tudinal  axis,  and  quartz  windows  25  mm  in  diameter  and  2  mm 
thick  were  cemented  on  each  end.  Gas  inlet  and  outlet  ports 
were  installed  approximately  20  mm  from  each  end.  The 
absorption  cell  is  shown  schematically  in  Fig.  2  mounted  in 
the  atomic  absorption  unit.  * 

Other  standard  items  of  glassware  used  werei 

1.  1000  ml  volumetric  flasks 

2.  100  ml  volumetric  flasks 

3.  25  ml  volumetric  flasks 

4.  250  ml  erlenmeyer  flasks 

5.  1000  ml  filtration  flask 

6.  125  ml  filtration  flasks 

7.  Buchner  funnels,  105  mm  inside  diameter 

8.  Buchner  funnels,  50  mm  inside  diameter 

9.  50  ml  volumetric  cylinders 

10.  funnels,  65  mm  inside  diameter 
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11*  funnels 9  105  ram  inside  diameter 

12.  100  ml  beakers  ' 

13.  plastic  wash  bottles 

Atomic  Absorption  Spectrophotometer 

A  larkin-Elmer  Model  403  atomic  absorption  spectro¬ 
photometer  was  selected  to  conduct  the  trace  element  analysis 
A  Model  403  burner  control  was  used  for  flame  absorption  in 
the  lead  analysis,  and  a  flameless  technique  described  in 
Chapter  II  was  used  in  the  mercury  analysis. 


Computer 

A  CDC  6600  computer  located  on  Wright-Pattersor*  AFB  was 
used  to  compute  and  plot  the  least-squares  curve  fits  of  all 
calibration  curves  in  the  atomic  absorption  work,  and  to  con¬ 
duct  the  stochastic  analysis  of  particulate  concentrations 
described  in  Chapter  III. 
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Appendix  D 

Mathematical  Expressions  of 
Probability  Dens i tv  Functions 

•  The  probability  density  functions  use  in  the  computer 
program  are  shown  in  this  appendix  and  are  described  in  terms 


of  the  parameters  of  each  function. 

1.  Smallest  Extreme  Valuet 

F(X)  *  1  -  EXP C— EXP C (X  -  C))/M))  (10) 

2.  Largest  Extreme  Valuet 

F(X)  *  EXP(-EXP(-(X  -  C)/M))  (11) 

3.  Uni form t 

F(X)  r  (X  -  A)/(B  -  A)  (12) 

4.  Exponential! 

F(X)  *  1  -  EXP (-A  X)  (13) 

5.  Lognormal j 

F(X)  =  1/SQRT(2*FI;-1  '."EGRAL  Z*EXP(-Z**2/2)  (14) 

Unere  Z  *  (LOG(X)  -  C)/M  (IS) 

6 .  Normal t 

F(X)  =  1/SQRT (2*PI ) *  INTEGRAL  EXP(-Z**2/2) 

Z  "  (X  -  U)/SD 


IVhcre 
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.  7  *  Gamma i 

Q  F(X)  *  i/GAMMA (A) 

* 

INTEGRAL  ((X-C)**(A-1)*EXP(-(X-C)/M)  (18) 

8.  Weibulli 

F (X)  *  1-EXP (~  ( (X-C)/M)**A)  (19) 

9,  Betaj 

F(X)  *  GAMMA  ( Ar  B)  /GAMStA  (  A )  *  GAMMA  (  B)  *  ( A+  B+ 1 )  * 

INTEGRAL  ((X-C)**(A-l)*(OM-X)**B-l)  (20) 

Where  parameters  are  estimated  from  moments 
*  10.  Beta  is  the  same  as  Beta,  with  C  estimated  as  X(l), 

,  and  M  is  estimated  as  X(N)-X(l) 

r\ 

O' 

Symbols  used  in  the  above  equations  -are i 


Mean 

:* 

U 

Standard  Deviation 

Tt 

SD 

Shape  Parameter  (A) 

- 

A 

Shape  Parameter  (B) 

S 

B 

Scale  Parameter 

« 

M 

Location  Parameter 

8 

C 

PI 

8 

3.1416 

Multiply 

8 

* 

Raise  to  a  Power 

8 

** 

O 
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Appendix  E 


Probability  of  a  Stated  Level  of 
Total  Particular.^  Concentration 

Since  the  Lognormal  densit-  -  :tion  describes  the  data 

on  total  particulate  concentration,  Eq  (1?  holds  true. 

„  2 

x  1  1  (  imyu  ) 

f'x>’  I'cswr0^  0  ;  dt  '21> 


where 


u  =  mean  of  In  of  x  and  is  the  basic  scale 
parameter  of  the  Lognormal  distribution 


o  **  standard  deviation  of  In  x 


Thus,  given  any  level  of  particulate  concentration  and  the 
values  in  Table  IV,  Eq  (1)  can  be  evaluated  by  using  the 


transformation 


E.ICO-U 


and  stand:  rd  normal  distribution  tables. 


Example i  What  is  the  probability  that  the  total  particulate 

3 

concentration  on  WpAFB  will  exceed  120  ug/ro  based  on  the 
results  of  this  study? 
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.  Step  l«  Calculate  z 


z 


In  120-ln  85.137 
- 101375 - 


z  =  0.09869 


Entering  standard  normal  distribution  tables  we  see  that 

83.82%  of  the  area  is  below  z  =  .09869.  Therefore,  the  prob- 

* 

ability  that  the  concentration  will  exceed  120  ug/ra  is 
1  -  0.8382  «  .1618. 


* 
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